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The hypermodified derivatives in transfer Ribonuclei acid (tRNA) molecules
have been the center of numerous research studies within the last fifteen years.
These hypermodified tRNA derivatives are important because they are located
adjacent to the 3'-end of the anticodon in the tRNA molecule. These
hypermodified derivatives are believed to be very fundamental in the mechanism of
protein synthesis and to the effective functioning of the nucleic acid molecules in a
complex molecular environment. Hypermodification in the tRNA molecule may
also be responsible for subtle changes in the chemical, physical, and biological
properties of the normal tRNA molecule.
A series of hypermodified adenine and adenosine derivatives have been
synthesized. This series of hypermodified purine derivatives was synthesized in an
attempt to gain a better understanding of the role(s) that the hypermodified
derivatives play in the tRNA molecule. The hypermodified bases and nucleosides
were synthesized from commercially available 6-Chloropurine, 6-Chloropurine
Riboside, 2-Amino-6-Chloropurine and 2-Amino-6-Chloropurine Riboside
respectively. The nucleosides were utilized to synthesize the corresponding
nucleoside-5'-monophosphates. The nucleoside-5'-monophosphates were then used
as the starting materials for the synthesis of the nucleoside-5'-diphosphates. Each
derivative was isolated, purified, and characterized by various chromatographic
methods, ultraviolet spectroscopy, and high voltage electrophoresis.
Preliminary biological studies were performed which indicated that most of
these synthesized purine derivatives possessed cytokinin activity equal to or
greater than the standards, kinetin and kinetin riboside. The physico-chemical
properties of these newly synthesized hypermodified adenine and adenosine de
rivatives were found to differ significantly from those of the parent compounds.
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INTRODUCTION
During the past 15 years a considerable amount of interest has been
generated in the chemical modifications of the transfer RNA (tRNA) molecules,
because they have been implicated in many activities other than their traditional
role in protein biosynthesis. The chemically modified tRNA molecules have
provided researchers with a probe to study tRNA conformation, in addition to an
insight into their biological activity, and the chemical and physical properties of
these molecules. The rationale behind chemical modification as a probe for
studying the properties of tRNA molecules is that the rate of modification of a
particular base residue depends upon its environment within the macromolecule.
The site and extent of modification of residues in the tRNA molecule is determined
by comparison of sequence data of the modified and unmodified tRNA residues. It
is therefore imperative that all reactions involved in chemical modifications of
tRNA molecules can be followed analytically. The reagents used for chemical
modifications should be highly selective for one type of base so that a pattern can
be elucidated. A major criticism of chemical modification studies is that a
modification in a particular area may disturb the conformation of the tRNA to such
an extent that interpretation of the effects of the modification in synthetase
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interactions becomes difficult. Alkylation is capable of changing the hydrogen
bonding characteristics of the tRNA residues, thereby, resulting in a significant
change in its three-dimensional structure. The hypermodified nucleosides have
particular relevance to the ability of the tRNA molecule to respond to the correct
codon.
The chemically modified base or nucleoside can be defined as simple modified
or hypermodified shown below as figures 1 and 2, respectively. The simple
modified bases and nucleosides are prepared by the attachment of a methyl group
on the purine base or sugar moiety. The hypermodified bases and nucleosides have
been characterized as having a relatively large side chain with a functional group,







N -(A -Isopentenyl) adenosine (IPA)
Figure 2
The two dimensional cloverleaf diagram of the tRNA molecule (figure 3) was
'4 5
first designed in 1965 by Robert W. Holley for alanine tRNA molecule. ' One of
the unique characteristics of tRNA molecules is their high content of modified
bases relative to the other RNA molecules. The various functions of tRNA include
protein biosynthesis, RNA metabolism, and cell wail biosynthesis. All tRNA
molecules have certain functions in common since they must be able to interact in















Fig. 3. Cloverleaf diagram of tRNA.
From the two-dimensional cloverleaf diagram of tRNA it can be seen that
simple modified components such as pseudouridine can be located throughout the
tRNA molecule. The hypermodified components are uniquely observed in the
anticodon loop adjacent to the 3'-end of the anticodon.
Extensive research on the hypermodified nucleosides, which are located
adjacent to the 3'-end of the anticodon in the anticodon loop, has lead to a variety
of other possible functions. For example, Nishimura and several other workers
showed that the presence of minor nucleosides adjacent to the anticodon in the
g
anticodon loop were essential for the amino-acid transfer function of tRNAs.
Binding of complementary oiigonucleotides with the anticodon is enhanced by the
presence of the hypermodified nucleoside next to the anticodon. The minor
nucleoside adjacent to the 3'-end of the anticodon is also capable of specifying the
g
recognition of the base in the first position of the codon. These hypermodified
nucleosides were found to prevent codon misreading at the adjacent 3'-end of the
9
anticodon, thereby preventing a wobble response of the anticodon to the codon.
tRNAs modified or deficient in their normal amount of hypermodification
were generally found to be less efficient in messenger binding and translation.
According to Pegg, the most probable role of modification of the hypermodified
nucleosides in tRNA molecules may be to increase the stability of the native func
tional form of the tRNA tertiary structure and/or to inhibit nuclease activity
leading to tRNA degradation. This hypothesis predicts that specific alkylation
would have different effects in different species. In the few cases where this
hypothesis has been tested, a greater extent of alkylation was necessary to achieve
these aims, more in eukaryotes than in prokaryotes.
Feldman stated that the base adjacent to the 3'-end of the anticodon is either
modified adenine or modified guanine in most cases. When the base in this
particular position is not modified, it is always adenine. McCloskey later declared
that hypermodified nucleosides could easily be detected in pure tRNA species
because they constitute at least 1% of the total nucleoside content.
Cytokinin studies on a variety of modified and hypermodified bases and
nucleosides have been performed. Some of the hypermodified bases and nucleosides
were found to have cytokinin activity in tobacco assays. ' Other modified and
16-18
hypermodified bases and nucleosides exhibited cytokinin activity in vitro.
Fleysher et aJL, found that alkylated adenosines showed optimal cytokinin activity
6 18
when N -substituents contain a double bond such as IPA (shown in Figure 2).
The distribution and correlations of modified nucleosides have been
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calculated by matrix-searching routines written in Fortran by Cedergren. This
work demonstrated that the position of most hypermodified nucleosides is constant.
In 1978, Adamiak et aL, chemically synthesized the first oligoribonucleotide
containing the hypermodified nucleoside N -N-threonylcarbonyl adenosine-t A.
Subsequently, a series of oligoribonucleotides have been chemically synthesized
which contained both modified and unmodified nucleosides.
The present work involved the synthesis, isolation, purification, and
characterization of a variety of hypermodified purine bases, nucleosides, and
nucleotides.
RESULTS AND DISCUSSION
Until recently, each type of nucleic acid, DNA and RNA, was thought to
consist of four basic nucleoside structures. In the last 15 years this view has
changed markedly. At the present time five modified deoxyribonucleosides and
thirty-five modified ribonucleosides has been found to occur in DNA and RNA
respectively. The most common form of modification is the addition of a methyl
group to one of the major nucleosides. The attachment of a relatively large side
chain containing an organic functional group results in hypermodification in tRNA.
An indirect and a direct method of synthesis have been utilized in the preparation
of the hypermodified adenine and adenosine derivatives comparable to those
located in the anticodon loop adjacent to the 3'-end of the anticodon of tRNA
molecules.
The indirect method was carried out by the quaternization of adenosine or








Adenosine or adenine is alkylated with an alkyl halide in the presence of a polar,
aprotic solvent such as N,N'-Dimethylformamide (DMF) or N,N'-Dimethylacetamide
(DMA). The reaction mixture is subjected to slight heat for an extended period of
time with constant stirring. The alkylating reagents in these nucleophilic attacks
on adenosine or adenine were found to be directed almost exclusively to the N -
position of the heterocyclic base ring. Once the N -substituted product has been
formed, it must undergo a rearrangement in the presence of a base and excess heat
to give the desired N -substituted product. This rearrangement from the N -
substituted product to the N -substituted product is known as the Dimroth
Rearrangement. Engel proposed two possible mechanisms for the Dimroth
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Rearrangement for adenine. The preferred mechanism was simply noted as a
nitrogen exchange between the exocyclic N - and the endocyciic N -positions on
the adenine ring. This nitrogen exchange was found to occur simultaneously with
the well documented methyl migration from the endocyciic to an exocyclic
position. Nuclear magnetic resonance spectroscopy studies confirmed that ring
1 2
cleavage between the N -nitrogen and the C -carbon atoms followed by internal
rotation of 180° was the correct mechanism involved in the Dimroth
Rearrangement (equation II). Detailed kinetic studies involving isotopic labeling
supported this mechanism by showing that the hydroxide group attacks at the C -
N*-bond. This attack leads to activated intermediate 6. Upon departure of the
hydroxide group, ring closure occurs and the alkylated group is rotated to the 6-














The direct method of synthesizing N -hyperalkylated adenine and adenosine
derivatives can be classified as a nucleophilic substitution reaction. An alkyl amine
is added to 6-chloropurine or 6-chloropurine riboside in the presence of a protic
solvent such as ethanol. The reaction mixture is refluxed for an appropriate period












The temperature of the mixture was kept less than/or equal to 30 to prevent
decomposition of the product or starting material. An excess of calcium or barium
carbonate and the desired amine was required in the reaction mixtures to insure a
complete nucleophilic exchange during the reaction. When complete nucleophilic
exchange occurred, only minimal purification was required to completely eliminate
22
the toxic 6-chloropurine riboside which was left in the reaction mixture. The
carbonate was also essential for the removal of hydrochloric acid which was
generated during the reaction, and it consequently decreased the possibilities of a
cleavage of the sugar moiety from the nucleoside.
10
The direct method of synthesis was chosen as the best method for the pre
paration of the hypermodified adenine and adenosine derivatives. The advantages
of utilizing this method for the synthesis of the hypermodified bases and nucleo-
sides included the following: shorter reaction times, lower reaction temperatures,
higher yields, ease of crystallization and removal of solvent.
The 2-amino-N -cyclopropyl- and 2-amino-N -cyclopentyl-adenine and
adenosine derivatives were also synthesized by this direct method. The starting









These 2-amino derivatives may be considered as guanosine and guanine derivatives
because of the presence of an amino group in position two of their purine structure.
All of these 2-amino-N -hyperalkylated derivatives were difficult to crystallize.
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The progress of each reaction was followed by thin layer chromatographic
analysis at various time intervals. At at the end of each reaction, the reaction
mixture was streaked on paper and developed in several solvent systems. The
streaks of homogeneous products were eluted from paper with distilled water.
These eluates were analyzed by ultraviolet spectroscopy under acidic, neutral, and
basic conditions. The characteristic bathochromic shifts were noted in the
X /nm of the hyperalkylated adenosine and adenine derivations when the pH
changed from a neutral to a basic medium. Representative ultraviolet spectra are
given in figures 4a—h. Rf values are given in Table I. Table II shows theX max/nm
and X • /nm of the various hyperalkylated derivatives.
The nucleosides and bases which were not homogeneous on paper were sub
jected to column chromatography on either cellulose or silica gel. The solvents
used to elute the samples varied in each case and were based upon the separations
observed on paper chromatograms. Ultraviolet analysis along with paper and thin
layer chromatography were used to detect the product in the fractions. The
fractions containing the product were combined, evaporated in vacuo, and recry-
stallized from an appropriate solvent or solvent mixture.
The hypermodified adenosine derivatives were used as the starting materials
in the synthesis of the nucleoside-5'-monophosphates. Several proposals have been
made for effective monophosphorylation, two of which were utilized in the present
studies. The ethyl phosphate was coupled to an alcohol using DCC as the
condensing agent. The cyanoethyl group was removed from the phosphodiester by
mild alkaline hydrolysis to give the desired phosphate ester (equation V).
12
Figure k. Ultraviolet spectra of representative N -hyperalkylated adenine and
adenosine derivatives. The derivatives are: a) N -amyl ade, b) N -amyl ado, c)
N6-amyl-5'-AMP, d) N6-amyl-5'-ADP, e) 2-amino-N -cyclopropyl ade, f) 2-amino-















































200 225 250 275 243
Wavelength (nm)
267 2S0
Table 1. Paper Chromatography of N -Hyperalkylated Adenine and Adenosine Derivatives.
















































































































































































































































































Table I (Continued). Paper Chromatography of N-Hyperalkylated Adenine and Adenosine Derivatives.
i )M\>O\ INI) R, VAI-I '!-^ ANH SOLVliNT .'



















- 2-Amino-N*' cyclopentyl-V-AnP 0.100 0.037 0.151
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SOLVENT SYSTEMS
A 1-Butanol-Water-Concentrated Ammonium Hydroxide (86:14:5)
B 2-Propanoi-Water-Concentrated Ammonium Hydroxide (7:2:1)
C 95%Ethanoi-2% Boric Acid-Concentrated Ammonium
Hydroxide (6:3:1)
D Isopropanol-Ammonium Acetate, pH 6 (5:2)
E Isobutyric Acid-IM Ammonium Hydroxide-IM EDTA (100:60:1.6)
F Ethyl Acetate-1-Propanol-Water (4:1:2)
BUFFER SYSTEMS
A 0.05 Citric Acid pH 3.5
B O.LN Boric Acid pH 8.5
C Pyridine-Acetic Acid-Water (1:10:89) pH 3.5
D .05 Sodium Citrate pH 10.5






















































































































































































*n=neutral (pU 6), a=acidic (pH 1), b^basic (pH 12).
























Phosphorylation reactions are carried out in anhydrous pyridine because water
will decompose the activated intermediate. Excess DCC is required to insure the
removal of any final traces of water. Strong bases must also be excluded during
phosphorylation because they prevent the formation of the activated intermediate.
An excess of 2-cyanoethyl phosphate is applied in these reactions to cause the
reactions to go to completion.
Before phosphorylation, the 2'- and 3'-hydroxyl groups of the nucleoside must
28
be blocked (protected) in order to selectively obtain the ^'-phosphate. The
addition of triethylorthoformate in DMF and an acid catalyst (0.1N HC1) was used
to block the 2'- and 3'-hydroxyl groups of the nucleoside, thereby giving
intermediate 14. After phosphorylation had occurred, the reaction mixture was
subjected to mild alkaline hydrolysis at 100°, followed by adjusting the pH of the
solution to acidic conditions to remove the blocking group, 2',3'-0-ethoxy-
methylidene.
Once a phosphorylation reaction was completed, paper chromatography was
used to examine the product mixtures. Several solvent systems were utilized. The
solvent systems containing concentrated ammonium hydroxide were found to give
relatively good separations between the nucleoside and the nucleoside-51-
monophosphate. Observations indicated that solvent system C (95% ethanol-2%
boric acid-concentrated ammonium hydroxide, 6:3:1 v/v) gave the best separations
between the nucleoside and the nucleoside-5'-monophosphate (Table I.) In each
case, as expected, the nucleoside-5'-monophosphate moved at a slower rate than
the nucleoside. Several spots were observed for most of the reaction mixtures of
N6-hypermodified nucleoside-5'-monophosphates. In order to isolate and purify the
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nucleoside-5'-monophosphates, the product mixtures were subjected to column
chromatography on DEAE Cellulose in the bicarbonate form. Once applied to a
column the sample was eluted with a linear gradient of triethyiammonium
bicarbonate buffer (0.00 to 0.1m, pH 7.5). The fractions containing the nucleoside-
5'-monophosphates were determined by ultraviolet analysis at the X /nm of each
sample. After locating the desired N -nucleoside-5'-monophosphate fractions, they
were combined, evaporated in vacuo, and crystallized.
The second phosphorylation procedure which was utilized in the present
studies was introduced by Yoshikawa et al. This method involved a one step
selective phosphorylation of nucleosides to nucleoside-51-monophosphates. The
reaction was performed at 0° for 6 to 14 hr depending upon the nature of the
starting material. The investigators found that the use of trialkyl phosphates
27
highly facilitated the phosphorylation process with phosphoryl chloride. There
fore, since an excess of ice or cold water was capable of decomposing the
phosphoryl chloride, either was used to stop the phosphorylation reaction. The rate
of conversion of the nucleoside to the nucleoside-5'-monophosphate was monitored
by the use of chromatographic analysis at various time intervals throughout the
reaction. Upon completion, the reaction mixture was concentrated in vacuo, and
azeotroped with ethanol to insure purity.
Although the latter phosphorylation procedure required a shorter period of
time, all of the synthesized derivatives except the N -butyl-5'-AMP were prepared
by Tener's method because it resulted in higher yields of the desired product.
Several attempts to synthesize N -butyl-5'-AMP by Tener's method resulted in
25
various side products instead of the desired monophosphate. Consequently, the
phosphorous oxychloride method was utilized to synthesize N -butyl-5'-AMP.
Paper chromatographic analysis and ultraviolet spectra confirmed that the desired
product, N -butyl-5'-AMP, had been formed.
The merit of the two methods of phosphorylation were ascertained by syn
thesizing N -hexyladenosine-5'-monophosphate utilizing both methods. The
phosphorous oxychloride reaction was monitored throughout at various time in
tervals by paper chromatography. Figure 5 shows a curve indicating the rate of
conversion of the starting material to the desired product with respect to time in
the phosphorous oxychloride method.
High voltage electrophoresis of the nucleosides and the nucleoside-5'-mono-
phosphates were performed in several buffer systems. The nucleosides and their
derivatives exhibited different migration rates because of the variations in charge,
size, shape, and tendency to dissociate (Table III). The rate and the direction of
migration of the compounds depended upon the presence of polar or non-polar
29
molecules in the environment of the ion under consideration.
The nucleoside-5'-monophosphates served as the starting materials in the
synthesis of the nucleoside-5'-diphosphates. The phosphoromorpholidate of each
nucleoside-5'-monophosphate was prepared by the procedure of Moffatt and
Khorana (equation VI). The phosphoromorpholidate was converted to the di-
phosphate over a period of five days by reacting it with orthophosphoric acid and
tri-n-butylamine in a pyridinium medium. In several of these reactions a solid
material, inorganic phosphates, was noted in the bottom of the reaction flask. Thin
layer and paper chromatography along with ion exchange chromatography on DEAE
Cellulose were used to isolate, purify, and characterize the nucleoside-51-
diphosphates.
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Figure 5. Graphical representation of the conversion of N -hexyl ado to N -hexyl-
5'-AMP utilizing the phosphorous oxychloride method. Curves were obtained from
paper chromatography in several solvent systems: A (d), B(a ), and C(«) at various
time intervals (hr). Rf values are given in units of 10 .
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Table 3. Electrophoretic Mobility of N -Hyperalkylated Adenine and Adenosine
Derivatives.
COMPOUND BUFFER SYSTEMS
A 3 C D DJJ_
5'-AMP 10.2 18.0 15.1 2.0 9.3
N6-?ropyl-5T-
AMP "' 10.3 1.4 S.5
N6-Butyi-5'-
' 15.8 1.6 8.3
AMP' 12.2 8.0 1.3 7.4
lf-Kexyl-5'-
15 26AKP 5.0 16.7 .5
I-Aelrd-H6-
cvciopropyl-
5''-AMP ' 6.0 18.2 1.6 5.4
cvclooentyl-
5"'-AMP ' ■ 6.9 14.2 1.0 • 8.7
Adenosine
Is^-Propyl Ado 7.4 6.5 13.2 3.4
N -3utyl Ado 6.4 14.1 1.b



















Table 3 (Continued). Electrophoretic Mobility of N -Hyperalkylated Adenine and
Adenosine Derivatives.
COMPOUND ; BUFFER SYSTEMS
A 3 C C£_


























* All migrations were toward the cathode except those indicated by *,
which rrigrated toward the anode.










Pal and coworkers proposed an improved procedure for the synthesis of
nucleoside-5'-diphosphates. This procedure consisted of two steps:
1) Synthesis of the nucleoside-5'-monophosphate by the phosphorous oxychloride
method; and 2) the morpholidate procedure of Moffatt and Khorana.28"31 The
reported yield of the nucleoside-5'-diphosphate was increased from 21% to 82%
when synthesized by this improved procedure. These investigators encountered no
difficulties in the improved procedure; so they considered this method as the best
currently available one for the synthesis of the nucleoside-5'-diphosphates.
Biological activity of the N -hyperalkylated adenine and adenosine deriva
tives may be detected by the ability of the derivative to exhibit plant hormone
(cytokinin) activity. Tobacco pith tissues are used to detect and/or assay cytokinin
activity. The stimulation of the germination of lettuce seeds, and the potentiation
of antibiotic activity against microorganisms are also used to detect the biological
activity of the N -hyperalkylated adenine and adenosine derivatives. In 1967 it was
found that many compounds which exhibited cytokinin activity possessed the
common adenine ring.
18 22
Fleysher et ah ' showed that optimal cytokinin activity is obtained when
the substituent on the N -position of adenine and adenosine contains a double bond.
Further biological studies led to the isolation of cytokinin binding proteins from
tobacco leaves in 1976 which were characterized by various chromatographic
techniques. Swaminathan and Bock isolated and characterized several
naturally occurring modified bases which exhibited cytokinin activity from the
species "Euglena Graciles". Other naturally occurring cytokinin active ribosides
have also been detected.
31
In order to study the biological properties of the series of synthetic adenine
and adenosine derivatives, the N -hyperalkylated bases and nucleosides were
assayed for cytokinin activity. These studies were carried out by the stimulation of
the germination of Simpson Early Curled Lettuce Seeds. Kinetin and Kinetin
riboside were used as references. The control in this study was distilled water.
Twenty-five lettuce seeds, which had been presoaked in the appropriate concentra
tion of the N -hyperalkylated base or nucleoside, were placed on filter paper,
which was saturated with the respective solution, in petri dishes and allowed to
germinate for a period of 2k hr. The concentrations at which individual compounds
exerted their maximal stimulation were between 0.5 yg/ml. and 2.0 yg/ml. Rela
tive stimulation rates for each N6-hyperalkylated base and nucleoside are given in
Table k?3
The synthesis of this series of N -hyperalkylated adenine and adenosine
derivatives has led to a slight enrichment of knowledge about the synthesis process,
isolation, characterization, and biological activity of the derivatives in question.
This study has provided evidence which is supportive of the previous observations
that many N6-alkylated derivatives exhibit cytokinin activity. Enzymatic poly
merization of polyribonucleotides may be carried out on the N -hypermodified
derivatives which were synthesized. Polyribonucleotides containing the N -
hypermodified adenosine derivatives may be chemically synthesized and their
physico-chemical and biological properties may be studied.
32












2 -Arrinc- N° - cyclo-
propyl Ade




































































In spite of the extensive research on the hypermodified bases and nucleosides
found in the tRNA molecules, many of their major functions are still rather elusive.
This research has, however, led to certain conclusions about the hypermodified
tRNA bases and nucleosides. The major conclusion is that the properties (chemical,
physical, and biological) of these hypermodified adenine and adenosine derivatives
were different from those of the parent materials. This conclusion is based on the
results of ultraviolet analysis, various chromatographic techniques, and high
voltage electrophoresis. Increased cytokinin activity was observed in the results of
a lettuce seed assay of the hypermodified bases and nucleosides over the
references, kinetin and kinetin riboside.
EXPERIMENTAL
Materials and Methods. - Ultraviolet (UV) spectra were recorded on a
Beckman Acta CIII Spectrometer which was calibrated against distilled water.
Melting points were determined in sealed tubes on a Mel-Temp Melting Point
Apparatus and are uncorrected. Paper chromatography was carried out by the
descending method utilizing Whatman No. 1 and 3 chromatographic paper, whereas
thin layer plates containing cellulose or silica gel with a flourescent indicator was
used. High Voltage Electrophoresis was performed on a Savant Instrument. All pHs
were obtained by a Corning pH Meter, Model 7. Sargent-Welch magnetic stirrers
were also utilized. Corning glassware from organic kits were used for all organic
reactions.
6-Chloropurine, 6-chloropurine riboside, 2-amino-6-chloropurine, 2-amino-6-
chloropurine riboside, amylamine, triethylorthoformate, triethylphosphate,
phosphorous oxychloride, cyclopropylamine, cyclopentylamine, and adenosine were
obtained from the Aldrich Chemical Company.
Adenine, dicyclohexylcarbodiimide, hexylamine, butylamine, propylamine, p_-
toluenesulfonic acid monohydrate, triethylamine, morpholine, dimethylformamide,
ortho phosphoric acid, pyridine, 2-cyanoethyphosphate (barium salt), celite, t-
butanol, DEAE Cellulose, DOWEX 50W [H+] , and petroleum ether were obtained
from Baker Chemical Company.
Methanol and anhydrous ether were purchased from VWR Scientific Chemical
Company. Concentrated solvent ether was obtained from Fisher Scientific.
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The synthesis of N hyperalkylated adenine derivatives. - This procedure was
used for the synthesis of all of the N -hyperalkylated adenine derivatives in this
particular group unless stated otherwise.
6-Chloropurine (1 mole) and alkylamine (1.5 mmole) were refluxed in 4.5 ml
of 95% absolute ethanol for a period of 18 hr. After 6 hr of refluxing, slight
conversion was shown by chromatographic analysis (TLC). Chromatographic
investigations at the end of 18 hr revealed one homogeneous spot corresponding to
the product. This mixture was concentrated to 5 ml in vacuo and cooled in an
effort to effect crystallization. The crystals were recrystallized from a mixture of
ethanol-acetone (1:1), ethanol-water (1:2), petroleum ether, or dry hydrochloric
acid. Crystals were removed by vacuum filtration and air dried. The melting
point, yield, elemental analysis, ultraviolet spectra, and Rf values are found in
Tables 5,6,2 and 1 respectively.
The synthesis of N hyperalkylated adenosine derivatives. - This procedure
was used to synthesize all the hypermodified adenosine derivatives in this
particular group unless otherwise stated.
To 5.0 ml of absolute ethyl alcohol was added 6-chloropurine riboside (1
mmole), an alkyl amine (1.5 mmoles), and barium carbonate (1.6 mmoles, 0.165 g).
The reaction mixture was refluxed with stirring for 19 hr. Examination of the
mixture after 5 hr of refluxing was performed in several solvent systems. Both
product and starting material were observed. TLC was repeated at 5 hr time
intervals indicating that more of the starting materials were being converted to the
product over a longer period of time. Paper chromatography at the end of 19 hr
showed a homogeneous spot corresponding to the product which was different from
the starting material (Table 1). The N -hyperalkylated adenosine derivatives were
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eluted from paper and analyzed by ultraviolet spectroscopy (Table 2 ). The reaction
mixture was filtered while still hot through a ground glass funnel and a celite film to
remove the barium salts. The filtrate was evaporated to dryness in vacuo. The
residue was dissolved in ethanol and cooled to form crystals. Ethanol (95%), an
ethanol-water mixture (1:2), anhydrous ether, and a dry hydrochloric acid generator
were used to effect solidification. The residue was collected by vacuum filtration
and weighed. The yield, elemental analysis, and melting points are located in Tables
5> 6, and 7 respectively.
The synthesis of N hyperalkylated adenosine-5'-monophosphates. - Method A
was used to synthesize all hypermodified derivatives in this group except the N -
butyl derivative, which was synthesized by Method B. The N -hexyl derivative was
synthesized by both methods.
Method A; A stock solution of Tener's Reagent, 2- 5 -cyanoethylphosphate (2
ml) was passed through a DOWEX 50W H column. The washings and filtrates were
concentrated to dryness in vacuo. The N -hyperalkylated nucleoside (1 mmole),
triethylorthoformate (5 ml), and freshly distilled pyridine (10 ml) were added to the
dry Tener's Reagent. The mixture was concentrated in vacuo to an oil, taken up in
10 ml of dry pyridine, and evaporated to dryness three additional times. Anhydrous
pyridine (10 ml) and DCC (1.2 g, 6 mmoles) were added to the oil after which the
flask was tightly stoppered and allowed to remain at room temperature for two days.
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Distilled water (3 ml) was added to the solution and it was left at room
temperature for one half-hour to destroy metaphosphates and to remove excess
DCC. The pyridine was removed by concentrating the solution j_n vacuo and azeo-
troping several times with water. The dicyclohexylurea was removed by filtration
and washed well with water. To the washings and filtrate was added 0.1 N Sodium
Hydroxide (20 ml) and the mixture was refluxed to convert the diester to the
monoester and to destroy the excess 2-6-cyanoethylphosphate. The solution was
evaporated in vacuo to 2 ml and chromatographic analysis showed one homogeneous
spot with an Rf value higher than that of 5'-AMP and lower than that of the start
ing material (Table 1). The product was eluted from paper with water and analyzed
by ultraviolet spectroscopy (Table 2). The reaction mixture was dried in vacuo.
The residue was azeotroped with ethanol several times, then recystallized with a
mixture of ethanol-acetone (1:5) or ethanol-water (1:3). The elemental analysis and
yield are found in Tables 6 and 5 respectively.
Method B: Phosphorous oxychloride (0.366 ml, k mmoles) was added to tri-
ethylphosphate (5 ml) at 0° centigrade (ice bath). The blocked or unblocked N -
hyperalkylated adenosine derivative (0.230 g, 0.74 mmoles) was added to the
mixture and stirred in the ice bath for 3.5 hr at which time all of the N -
hyperalkylated nucleoside had been dissolved. The progress of the reaction was
monitored throughout with paper and thin layer chromatography at 1.5 hr intervals,
indicating the presence of two spots, one of which corresponded to the excess
phosphorous oxychloride. After 2 hr the product mixture was examined again by
TLC which revealed that the product mixture still contained two spots. The
solvent was removed in_ vacuo. The residue was redissolved in ethanol and
azeotroped with water, and the product mixture was worked up as described in
method A.
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The synthesis of N -n-hexyl-2', 3'-O-methoxyethylideneadenosine. - N -n-
hexyladenosine (0.241 g, 0.70 mmoles), p_-toluene sulfonic acid monohydrate (0.227
g) and triethylorthoformate (2 ml) were heated together under reflux for 30 min.
Triethylamine was used to neutralize the solution after it had cooled. The reaction
mixture was evaporated to dryness 'm vacuo. The residue was dissolved in ethanol
(2 ml). Upon titration crystals were observed. The product was recrystallized from
a mixture of ethanol and acetone (1:5). The crystals were collected by filtration
and stored in a dessicator. Chromatographic analysis revealed one homogeneous
spot.
The synthesis of N hyperalkylated adenosine-5'-diphosphates. - This
procedure was used to synthesize all modified derivatives in this particular group
unless stated otherwise.
The N -hyperalkylated adenosine-5'-monophosphate (0.80 mmoles) was dis
solved in water (5 ml). The solution was passed through a column of DOWEX 50W
[H ] resin. Once the washings showed no ultraviolet absorption, they were
combined with the eluates and concentrated in vacuo to dryness and redissolved in
water (3 ml).
A solution of DCC (0.66 g, 3.2 mmoles) in tert-butanol (10 ml) was added
dropwise over a three hour period of time to a refluxing solution of N -
hyperalkylated adenosine-5'-monophosphate (0.80 mmoles), and morpholine (0.280
ml, 3.2 mmoles) in 50% aqueous tert-butanol (20 ml). After the addition was
completed the mixture was cooled, concentrated m vacuo, extracted three times
with petroleum ether (10 ml), and the aqueous phase was concentrated to dryness in
vacuo. The residue was dried by repeated additions and evaporations with dry
pyridine.
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Orthophosphoric acid (85%, 0.205 ml, 3 mmoles) was dissolved in dry pyridine
(10 ml) containing tri-ji-butylamine (0.7lg, 3 mmoles) and this solution was dried by
four evaporations with pyridine. Separate pyridine solutions of the nucleoside-51-
phosphoromorpholidate and tri-n-butyl-ammonium orthophosphate were prepared,
mixed, and evaporated two additional times. The final residue was dissolved in dry
pyridine (10 ml) and allowed to stand at room temperature for five days.
After five days, the reaction mixture was evaporated to dryness in vacuo and
coevaporated with water to remove residual pyridine. The residue was dissolved in
water (10 ml) containing lithium acetate (^ 10 mg, k mmoles), and the pH of the
solution was adjusted to 12 with 1 N lithium hydroxide. The mixture was stored at
0° for 30 min and the precipitate was removed by filtration. The precipitate was
washed with 0.01 N lithium hydroxide. The filtrate and washings were combined,
adjusted to pH 8.0 with DOWEX 50W [H+] resin, and applied to a column of DEAE
Cellulose (bicarbonate form). The column was washed with water until the eluate
showed no ultraviolet absorption, after which it was eluted with a linear gradient of
triethylammonium bicarbonate buffer (0.5 to 1.5 M, 11 each, pH 7.5).
The fractions containing the nucleoside-5'-diphosphate were combined and
concentrated to dryness in vacuo. Azeotroping with ethanol removed the residual
triethylammonium bicarbonate. This residue was dissolved in water (10 ml) and
passed through a column of DOWEX 50W [ H+] resin. The eluate was concentrated to
dryness iri vacuo. The final residue was dissolved in 3.5 ml of water. The yield was
determined by ultraviolet absorbance at the appropriate wavelength (Table ). R,
values and ultraviolet data are found in Tables I and II, respectively.
Table 5- Physical Constants and Yields* of N6-Hyperalkylated Adenine and
Adenosine Derivatives.
COMPOUND MELTING POINT (°C) % YTTTr
N^-Propyl Adenine 161-166 70.22
N°-Butyl Adenine 144-149 95.20
N6-Amyl Adenine 173-177 89.06




Adenir.e " 200 (dec.) 70.22
N^Propyl Adenosine 159-162 89.25
N°-Butyl Adenosine 176-181 63.30
N°-Anyl Adenosine 148-151 94.41
I^-Hexyl Adenosine 127-129 88.54
2-.Air.ino- :1°- cr^clopropyl
Adenosine ' 215 (dec.) 88.40
2-Acino-M0-cyclopentyl








Table 5 (Continued). Physical Constants and Yields of N -Hyperalkylated Adenine
and Adenosine Derivatives.








*The percent ;/ie!ds indicated with tV were calculated from the optical


















Table 6. Analytical Calculations.
COHIUINI) MOIJ-'-CUlAR TOKHU1A CAIjCMATEI) ElJ-MI'Ul'AI. ANALYSIS (% COMPOSITION)
C II N 0 P
6
N -Propyl Ade ^«"jl^
6
N -HuLyl Ade c9ni3N5








l/'-Propyl Ado Cj.U Nr0
N6-BuLyl Ado (^.U^NrO
l/'-Amyl Ado C^^lL-jN 0/
N6-lIexyl Ado Clrll Nr0.
16 25 5 4
2-Amino-N6-
cyclopropyl




















Table G (Continued). Analytical Calculations.






51.A0 6.29 2A.00 18.29
17"37
CUILrN,O7P /.A.55 6.03 16.2/, 25.99 7.1'J
••^ 20 J '
ypLy 38 al A „ 20,J0 27.86 7.70
ij 1J 6 /
41.«6 5.35 19.51 26.05












CAJX:ULA'1ED IU-1'ILNI'AI. ANA1.YSIS (% COMPOSITION)







5.03 14.09 32.19 12.47
5.28 13.71 31.31 12.13
4.15 17.43 33.19 12.86
4.71 16.47 31.37 12.16
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